Structures of the /o(980), ao(980) mesons and the strong coupling 

CONSTANTS Qj^k+K- , QaoK+R- WITH THE LIGHT-CONE QCD SUM RULES 

Zhi-Gang Wang^'^ *, Wei-Min Yang^'^ and Shao-Long Wan^'^ 
^ Department of Physics, North China Electric Power University, Baoding 071003, P. R. China ^ 
2 CCAST (World Laboratory), P.O. Box 8730, Beijing 100080, P. R. China 
Department of Modern Physics, University of Science and Technology of China, Hefei 230026, P. R. China 

In this article, with the assumption of explicit isospin violation arising from the /o(980) — 
' ao(980) mixing, we take the point of view that the scalar mesons /o(980) and ao(980) have both 

, strange and non-strange quark-antiquark components and evaluate the strong coupling constants 

^N) ■ dfoK+K- s-iid gagK+K- within the framework of the light-cone QCD sum rules approach. The 

large strong scalar- if couplings through both the nn and ss components (;^^^+^_, 
9aoK+K- ^^'^ 9alK+ K-^^^^ support the hadronic dressing mechanism, furthermore, in spite of the 
constituent structure differences between the /o(980) and ao(980) mesons, the strange components 
VO , have larger strong coupling constants with the K'^K~ state than the corresponding non-strange ones, 

CN . c/^^^+^_ « V^gy^'^+K- a^nd 9alK+K- ~ ^9ToK+K-- ^^'^^ ^^c existing controversial values, we 

can not reach a general consensus on the strong coupling constants gfgK+K-t gagK+K- ^-nd the 
, mixing angles. 

T^j- . PACS numbers: 12.38.Lg; 13.25. Jx; 14.40.Cs 



o 
o 
o 

Oh. The constituent quark model provides a rather successful description of the spectrum of the mesons in terms 
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I. INTRODUCTION 



of quark-antiquark bound states, which fit into the suitable multiplets reasonably well. However, the scalar mesons 



, present a remarkable exception as the structures of those mesons are not unambiguously determined yet [1,2]. From 
, the point of view of experiment, the broad width ( for the /o(980), ao(980) et al, the widths are comparatively narrow) 
and strong overlaps with the continuum background make those particles difficult to resolve. On the other hand, the 
numerous candidates with the same quantum numbers for the quark-antiquark (qq) scalar states obviously exceed the 
prediction power of the constituent quark model in the energy region below 2 GeV, for example, the isospin I — 
scalars /o(400 — 1200), /o(980), /o(1370), /o(1500) and /o(1710) can not be accommodated in one qq nonet, some 
are supposed to be glueball, molecule, multi-quark state, etc. In fact, the light scalar mesons are the subject of an 
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intense and continuous controversy in clarifying the hadron spectroscopy, the more elusive things are the constituent 
structures of the /o(980) and ao(980) mesons with almost the degenerate masses. In the naive constituent quark model, 
the isovector ao(980) meson is interpreted as ao = {uu — dd)/V^ and the isoscalar /o(980) meson is taken as pure ss 
state /o = ss; while the four quark qqqq state suggestions propose that the /o(980) and ao(980) mesons could either 
be compact objects i.e. nucleon-like bound states of quarks with symbolic quark structures /o = ss{uu + dd) / \/2 and 
ao = ss{uu — dd)/^/2 [3], or spatially extended objects i.e. deuteron-like bound states of hadrons, for example, the 
/o(980) meson is usually taken as a KK molecule, etc [4]. The hadronic dressing mechanism takes the point of view 
that the /o(980) and ao(980) mesons have small qq cores of typical qq meson size, the strong couplings to the hadronic 
channels enrich the pure qq states with other components and spend part (or most part) of their lifetime as virtual 
KK states [5] . Despite what constituents they may have, we have the fact that they both lie just a little below the 
KK threshold, the strong interactions with the KK threshold will significantly infiuence their dynamics. In strong 
interactions (QCD), the isospin is believed to be a nearly exact symmetry, broken only by the slight masses difference 
between the u and d quarks, or electroweak effects, however, the mass gaps between the /o(980), ao(980) and the 
K^K~ and K^K'^ thresholds make an exception and can not be explained. The mixing of the two scalar mesons 
i.e. the isospin broken can occur through the transitions between the intermediate K^K~ , K^K'^ states. In Ref. [6], 
analysis of the central production in the reaction pp Ps{V''^^)Pf shows that the /o(980) and ao(980) mesons can 
mix substantially with each other with intensity about (8 ± 3)% and the isospin symmetry is obviously broken. The 
isospin mixing effects could considerably alter some existing predictions for the radiative decays /o7 and 4> — * ^07 
[7], however, further studies show that when the physical masses and widths are included, the mixing effects are very 
small [8]; the vector meson dominance model also indicates the mixing effects are small [9]. On the other hand, the 
generalized Jiilich meson exchange model for mr, KK, nr] scattering with physical mass eigenstates predicts that the 
charged and neutral K mass splitting induced isospin violation and the coupled tttt — KK channels induced G-parity 
violation give rise to nonvanishing cross section for the tttt — w^r] transition and lead to the /o(980) — ao(980) mixing 
[10]. In Ref. [11], the authors suggest that perform the polarized target experiments on the reaction tt~p — » rjn^n 
at high energy in which the existence of ao(980) — /o(980) mixing can be unambiguously and very easily established 
through the presence of a strong jump in the azimuthal asymmetry of the tjtt'' S wave production cross section near 
the KK thresholds. If we take the /o(980) — ao(980) mixing and explicit isospin violation for granted, no matter how 
tiny they are, we can take the point of view that the /o(980) and ao(980) mesons both have two possible constituent 
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qq states i.e. nn and ss in the qq quark model; in the isospin Umit, the ao(980) meson has pure nn quark structure 
ao = "^'^'^ with isospin 7=1 and can not have ss component while the isospin 7 = meson /o(980) can have both 
nn = "^+^'^ and ss components. The TsT-matrix analysis of the channels /o rnr , tttttttt , K K , rjij , rjij' shows that the 
/o(980) meson may have both nn and ss components, even gluonium component [12]. The radiative decays of the 
(?!)(1020) meson </>(—> K~^K~) — > aoj — > jwr] and 0(— > K~^K~) — > foj — > •yiriT provide an efficient tool to investigate 
the structures of the ao(980) and /o(980) mesons. It is generally agreed that the experimental data supports the 
KK mesons loop mechanism for those decays, where the radiative decays occur through the photon emission from 
the intermediate TC+TC" loop. The important hadronic parameters entering the analysis involving the /o(980) and 
ao(980) mesons are the strong coupling constants g/^K+K- and QaoK+K- • 

In this article, we take the point of view that the /o(980) and ao(980) mesons are mixed states which consist 
of both nn and ss components, and devote to determine the values of the strong coupling constants QfgK+K- and 
9aoK+K- within the framework of the light-cone QCD sum rules approach, which carries out the operator product 
expansion near the light-cone a;^ w instead of the short distance a; ~ while the nonperturbative matrix elements 
are parameterized by the light-cone distribution amplitudes which classified according to their twists instead of the 
vacuum condensates [13-15]. 

The article is arranged as: in Section II, the strong coupling constants Qf^K+K- and QaoK+K- are evaluated with 
the light-cone QCD sum rules approach; and in Section III, conclusion. 

II. STRONG COUPLING CONSTANTS Gp^^+K- AND GaoJc+k- WITH LIGHT-CONE QCD SUM RULES 

In the following, we write down the definitions for the strong coupling constants Qf^K+K- and QaoK+K--, 

{K+{q)K-{p)\fo{p + q))=gf,K+K-, {K+{q)K- {p)\ao{p + q)) = Qa^K+K- ■ (1) 

In this article, we investigate the strong coupling constants Qf^K+K- and QaoK+K- with the scalar interpolating 
currents Jfg and Ja^, and choose the following two two-point correlation functions, 

. .uu + dd 

J/o = sinO — --j= h cosOss, (2) 

uu — dd _ , , 

Jao = smi^ = h cosipss, (3) 

V 

Tf°{p,q) = i J d'^xe^P- {K+{q)\T[J^{x)JfMm, (4) 



T^°iP,Q) = i j d^xe'P-^ {K+{q)\T[J^{x)JaM]m- (5) 

Here the axial-vector current = U7;n75s interpolates the pseudoscalar K meson, and the external K state has four 
momentum q with q^ = M^. If the isospin violation is small, the parameter (p is close to ^. Those correlation 
functions in Eqs.(4-5) can be decomposed as 

T/^' ip, q) = {p\ {p + qf) p^ + r/° (p + qf) q^, (6) 
T;o(p, q) = (p^ {p + qf) p^ + (p + qf) q^ (7) 

due to the tensor analysis. 

With the basic assumption of hadron-quark duality of the QCD sum rules approach [16] , we can insert a complete 
series of intermediate states with the same quantum numbers as the current operators Jfg , Jag and into those 
correlation functions in Eqs.(4-5) to obtain the hadronic representation. After isolating the ground state contributions 
from the pole terms of the /o(980), ao(980) and K mesons, we get the following result, 

Tfo (p2^ ^ ^)2) ^ < I I K{p) X KK I /o X /o(p + g)|J/o I > ^ 



(Afi-p2) Ml-{p + qf 



ifKghK+K-fiaMf^p^ 



(8) 



{Ml-p^) yMl-{p + q) 
I, [P,{P + 1))P.- ^Ml,-p^)[Ml-ip + q)^] 

_ ifKgaoK+K-faoMaoPn _| ^.g-j 



where the following definitions have been used, 

<fo{p + q)\Jfo |0> =ffoMfg, 

< ao{p + «) I ^0 I > = faoMao , 

<0\J^\Kip)> = ifKP^, . (10) 

Here we have not shown the contributions from the higher resonances and continuum states explicitly as they are sup- 
pressed due to the Borel transformation. In the ground state approximation, the tensor structures (p^, {p + q)^) 
and T^" (p^, {p + qf) q^ have no contributions and neglected. 

In the following, we briefly outline the operator product expansion for the correlation functions in Eqs.(4-5) in 
perturbative QCD theory. The calculations are performed at the large space-like momentum regions {p + q)'^ ^ Q 



and <C 0, which correspond to the small light-cone distance a;^ w required by the validity of the operator product 
expansion approach. Firstly, let us write down the propagator of a massive quark in the external gluon field in the 
Fock-Schwinger gauge [17,18], 



(0|T{g,(xi)g,(a;2)}|0)=z 



(27r)4 
1 ^ + rn 



-ife(xi-X2)J ^ + ^ 



A" 



1 



(11) 



here C^" is the gluonic field strength, Qg denotes the strong coupling constant. Substituting the above u , s quark 
propagators and the corresponding K meson light-cone distribution amplitudes into Eqs.(4-5) and completing the 
integrals over x and fc, finally we obtain 
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If 1"^ f 1 



-{p + uqf 



+cos6^fK J du 



{\p + q{ai 



nis ml — {p + uqY 



-2 



Ml 



brus 



1 



+if3KM^ j dv{2v-3) I Va,^3K{ai) 



[ml -ip + uq)'^]'^ 
1 



} 



{[p + q(ai + vas)]"^ - mlY 

1 - a - /5,/3) 



-iifKmsM'^l [ dv{v-l) I das [ dfi ( da f 

\Jo Jo Jo Jo {[p + [1 - a:i + vasjqy - miy 

/■I /"i ri-as rai ^{a,l - a - as, as) 

+ dv das / dai / da- ' ' 

Jo Jo Jo Jo I 



{[p + (ai + vas)q\'^ - m^}^ 



(12) 



V'p(w)— 7 — ; T2 

™s ~(P + WQ'j 6m 



1 

2-J^ip^{u){p-q + uM^) 



{p + uqy 



+ifsKMl dv{2v-3) J Vai^fsKiai) 



{\p + q{ai +vas)]'^y 



Ml 



1 



Ml 



-2 



msQ^iu) + ■^—ipcr{u){p ■ q + uMj^) 



[ml -{p + uqff 



+ihKMl dv{2v-2.) j VaiifsKia, 



{[p + q{ai + vasW - 'm^V 

i, 1- a - 



as + vas)q\'^ - m^}3 



+ / dv f das I dai [ da- ^ 
Jo Jo Jo 



{\p + {ai -h vas)q]'^ - m^}^ 



(13) 
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In the limit ^ = 0, our results for the expressions of the three-particle twist-3 and twist-4 terms in Eq.(12) are slightly 
different from the corresponding ones in Ref. [19], there may be some errors (or just writing errors) in their calculations. 
If we take the limit ^ = ^ in Eq.(13), the results for the isospin-vector scalar current are found, the expressions for 
the contributions from the three-particle twist-3 light-cone distribution amplitudes may have some errors (or just 
writing errors) in Ref. [20]. However, the contributions from those terms are small and can not significantly affect the 
numerical values. Comparing with the mass of the s quark, the masses of the u and d quarks are neglected. 

In calculation, the following two-particle and three-particle K meson light-cone distribution amplitudes are useful. 



< K{q)\u{xh^j5smO > 
< K{q)\u{x)ij5s{0)\0 > 



■ifKq^ f du e*"«--[^K(w) + x^9i{u)] + (x^ - ^\ f du e»«-^52(w), 

Jo \ Q ' X y Jo 

[ du e™«-^^p(w) , 
n^s Jo 



< K{q)\u{x)ai_,^j5s{0)\0 > = iiq^x^ - q^x^) 



6m, 



K 



< K{q)\u{x)aaf3l5gsGu.„{vx)s{0)\Q > = ifzK[{q^,qa9uf3 - quqa9tj.ti) ~ {q^iqfj9va ~ quqiiQua)] I 'Dai(p3K{ai) 



< K{q)\u{x)^ij.^59sGa0ivx)s{O)\O > = fx Qisigocn - j - qa(gi3^ - j / ■Daiip±{ai)e 



J,q-x{a-i_+va3) 



+1 



K- 



q ■ X 



{qaXfi - qfiXa) I 'DaiLp\\{ai)e 



iq-xiai+vaz) 



< K{q)\u{x)^^9sG^0{vx)sm() > = i/xUf^a/. - ^) - qMff^ - ^)] / Pai^±(a,)e'«-^(«^+''«=^) 



+ifK-^{qaX0-q0X^) I Pa,^||(a,)e*«-^(«^+™=') 



(14) 



Here the operator Gaff is the dual of Gaff, Gaff = \^affSpG^'' , Va^ is defined as Vai = daida2das6{l — a\—a2 — 0.3) 
and $(Qi,a2,a3) = ip^ + Lp\\ - (p± - <^\\. 

The twist-3 and twist-4 light-cone distribution amplitudes can be parameterized as 



^piu, /x) = 1 + (^30% - 2P J C2 (2w - 1) 

27 81 \ 1 

-3773W3 - - Y^p^«2 j c|(2m - 1) 

ifaiu, 11) = 6u(l -u)[l+ ^5r/3 - ^r?3W3 - - ^P^a^ G^ {2u - l)j , 
</'3if(ai,M) = 360aiQ;2Q;3 (l + a(/i)i(7a3 - 3) + b{iJ,){2 - 4aia2 - 803(1 - q;3)) 



+ c{n){3aia2 - 2a3 + 3al)) , 



(t)±{ai,ii) = 30(5 (At)(ai - Q;2)a3 
(j)\\{cxi,p) = 1205^(/i)e(/i)(ai - a2)aia2as 



-+2e(M)(l-2a3) 



4>\\{ai,iJ,) = -120^^(/x)aia2a3 



i+2e(/.)(l-2a3) 
i+e(M)(l-3a3) 



(15) 



where C2 , CI and C2 are Gegenbauer polynomials. The parameters in the light-cone distribution amplitudes can 
be estimated from the QCD sum rules approach [21-23]. In practical manipulation, we choose a = —2.88, b = 0.0, 

c = 0.0, (5^ = 0.2GeV'^ and e = 0.5 at = IGeV . Furthermore, the updated values for 773 , cos, P and 0,2 are taken as 

2 

0,2 = 0.2, ?73 = 0.015, W3 = —3 at the scale /x ~ 1 GeV and the parameter = [17,24]. 

Now we perform the Borel transformation with respect to the variables Qf = —p^ and Q2 = —{p + q)^ for the 
correlation functions in Eqs.(8-9) and obtain the analytical expressions for the invariant functions in the hadronic 

representation, 

.e-Mi/M^,^-Ml/Ml 



^00 POO 



(16) 



^MfMlJ ds j^ ds' p''°-\s,s')e-^l^ie-^'/^'^ , (17) 

here we have not shown the cross terms explicitly for simplicity. In order to match the duality regions below the 
thresholds sq and s'q, we can express the correlation functions at the level of quark- gluon degrees of freedom into the 
following form. 

Then it is a straightforward procedure to perform the Borel transformation with respect to the variables Qi = —p^ 
and Q2 = —{p + qY, however, the analytical expressions for the spectral densities Pgl^arki^' Pquarki^^ hard 
to obtain, we have to take some approximations, as the contributions from the higher twist terms are suppressed by 
more powers of or _(^\g)2 and the continuum subtractions will not affect the results remarkably, here we will 
use the expressions in Eqs. (12-13) for the three-particle (quark-antiquark-gluon) twist-3 and twist-4 terms. As for the 
terms involving ipp and (fi^ , we preform the same type trick as Refs. [17,25] and expand the amplitudes ipp{u) and 
<Pa{u) in terms of polynomials of 1 — u. 



ipp{u) 



6du 



N 



(20) 



fe=0 



then the variable u is changed into s , s' and the spectral densities are obtained. 

After straightforward but cumbersome calculations, we obtain the final expressions for the Borel transformed 
correlation functions at the level of quark-gluon degrees of freedom, 



sinO 



uo(1-"o)mJ 



N 



y/2 MfMl 



rus 



fe=0 



1 — e y 



so ' 



+/3a:M|- / dai / v?3if(ai, 1 - ai - as, as) ( 2 

Jo Juo-ai "3 V 



+cost 



MfMf 



"'a+"0tl-"0)"K 

m2 



Up - ai 

Q!3 



- 3 



rUs 



da 



k=0 

3 



1 - e ^ > — 

j=0 



-2fKmsg2{uo) + JskM^ I dai I ^^^ipsxiai,! - ai - a3,a3) i 2— — — !- - 3 

Jo Juo-ai "3 V "3 



2/Km,M 



M2 



+ 



2fKmsMl 
M2 



2 /■! J /-as /-l-/? 

^{1-uo) dp da^{a,l-a- 13, 

Jl-uo "^3 .^0 Jo 

/ / dai / da+ / dai / da 

Jo ^3 Juo-a3 Jo Jl-uo "3 Juo-as Jo 



$(a, 1 — a — ai, ai) 



(21) 



"o(i-"o)-M 



fe=0 1 



V2 MfMl 

/■Mo rl-ai / 

+/3kM|. / dai / (p3if(ai, 1 - ai - a3,a3) I 2 

Jo Juo-ai "3 V 



rl — ai 
luo- 

m1 + ua(l-uo)Ml, 



1 — e 

i=0 

Wo - ai 



fc ^ so 

IP' 



as 



- 3 



k=0 1 



1 — e 

j=0 



/ fo^^m^y 



2fKmsg2{uo) + fsKMj^ / dai / ¥'3/4:(ai, 

Jo Ao-ai 0^3 

2fKmsMl das p /-'"^ , . . 

(1 — Wo) / — 2" / "-f^ aa$(a, 1 — a — p 
■^l-«o ^3 ^0 Jo 



1 - ai - as, as) 2 3 



as 



+ 



M2 

2fKmsMl 
M2 



■ /-i-"" das r° J J ^^"3 J ^ 1 , xi 

/ / dai / da+ / dai / da 4>(a, 1 — a — ai, ai) > . 

Jo ^3 Juo-as Jo Jl-uo '^3 Juo-as Jo i J 



(22) 



In deriving the above expressions for ipp{u) + ^^gg^, we have neglected the terms . Here uq = 



TTTjj^ and 



_ M(M'^ 



The matching between Eqs. (16-17) and Eqs. (21-22) below the thresholds sq, s'q is straightforward and we can 



obtain the analytical expressions for the strong coupling constants QfoX+K- and QaoK+K- 



9foK+K- 



sinO 



1 "/o I uoti-ua)M-^ 

-e 2 1 



fe=0 



v/2 /k//oMj„ 

/■Mo j-i-ai ^Q,^ / 

+f3KM% dai (^3K(ai,l-ai-a3,a3) 2 

>/0 JuQ-ai CKa V 



1 — e 



i=0 



as 



fKffoMf, 



M2 



N 



m.. 



fe=0 



_so-m| 

1 — e m2 \ 



Jo Juo-ai <^3 V 



Mo - Q!l 



Q!3 



i=0 



- 3 



+ 



VkTOsM 
M2 

2fKmsMl 
M2 



^(1 - Mo) / -73- / dp 



1-/3 



da$(a,l-a-/3,/J) 



f aai / aa+ / aai / aa 

uo—o:3 Jo Jl—uo Juq — ocs Jo 



$(q, 1 — a — ai, ai)| 
(23) 



sinip 



V2 /if/aoM 



-e '^'f'^ 



1 



fe=0 



1 — e ■ 



M2 



+f3KMj^ / dai / </53i4:(ai,l-ai-a3,Q;3) 2 



f2 ^2 



+COSip 



fxfaoMa 



j+U0(l-U0)M^ 



fc=0 



i=0 



1 — e 



j=0 



i! 



-2fKms g2{uo) + SzkM]^ I dai / — -ip3K 

Jo Juo-ai 

2fKmsMl 



(ai, 1 — ai — a3, asj 2 3 



Q!3 



+ 



M2 

M2 



1 das '■"^ 

l-MO '^i "'0 



1-/3 



d/3 / (ia$(a, 1 - a - /j) 





dai / da + j — ^ / dai I da 

^3 JuQ — as Jo J 1—uq ^3 Juq — cx^ Jo 



\r-'!^r dai r da ^ I 

Jo Ot3 Juo-a3 Jo Jl 



1 daa /-i-"^ 



Sinfga^K+K- +COS(pg^^K+K-- 



$(a, 1 — a — ai, ai)| 
(24) 



The values of the parameters ffg and fag can be determined from the conventional QCD sum rules approach with 
the following two two-point correlation functions, 



i I d'xe^PmT[Jj,{x)JfM]\) 



sinHi j d^xe'^''{\T[ '''^^^ {x f'^^'^ {m) + cosHi j d^xe'P^\T[ss{x)ss{Q)]\) , 



y/2 V2 
j d^xe'P^\T[J,,{x)JM\) 



sin'^ipi J dWf^(|T[^^^^-^(a;)^^^^-^(0)]|)+cosVi J dWf^(|T[ss(x)ss(0)]|) . 



(25) 



(26) 



V2 V2 

The operator product expansion near the a; in perturbative QCD is straightforward and we will not write down 
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the detailed routine for simplicity. The final expressions for the Tf^ and Ta^ at the level of quark-gluon degrees of 
freedom can be written as 

Ta, = sin^^Cip'') + cos^^D{p^) , (27) 

here A, B, C, D are formal notations. To obtain the hadronic representation, we can insert a complete series of 
intermediate states with the same quantum numbers as the interpolating currents Jf^ and Jag into the correlation 
functions in Eqs. (25-26), then isolate the ground state contributions from the /o(980) and ao(980) mesons, 

Tfo = (|J/o(0)l/0(p)) ^^2^ o (/o(p)|J/o(0)l) + • • • , 
fo ^ 



ft 

■I JO JO 

Ml - p2 



'/o 



s^n^e{\^=-mfoip))J^^^{m\^^m) 



.2.(|^!i±^(0)|/o(p)^ 1 uu + dd, 

V2 

+cos^e{\ss{0)\fo{p)) , ^ ^ (/o(p)|ss(0)|) + • • • , 

Mi -p^ Mi -p^ 

JO ^ JO ^ 

Ta, = (I Jao(0)|ao(p))— 2(ao(p)| Jao(O)l) + • • • , 
-'"an " 



f M2 



+ ■ 



Ml - p2 

smMl (0) I ao ip)) ^2 _p2 («o (P) I ^Tf" (0) I ) 

+cosV(|ss(0)|ao(p)) v72^-2 («o(p)|ss(0)|) + • • • , 

«^^V^^r^+co.Vfe" + --- . (28) 



M2^-p2 "M2^-p2 

Here we have used the following definitions, 

,, uu + dd 



^/2_ 

uu — dd 



iO)\fo{p)) = fnnfoMf„ 
(0) I ao(p)) = fnnaoMao, 



(I ss(0)|/o(p)) = /,«/oM/„, 

{\ss{0)\ao(p)) = fssaoMao. (29) 

After performing the standard manipulations of the quark-hadron duality ( i.e. matching Eq.(27) to Eq.(28) ) and 
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Borel transformations, we can equate the coefBcients of the sin^6,cos^9,sin'^ip and cos^ip, respectively. Finally we 
obtain the decay constants (coupling constants), 



The existing values for the mixing angle 9 differ from each other greatly, the analysis of the J/tp decays indicates 
6* = (34 ± 6)° or 6* = (146 ± 6)° [26] while the analysis of the D+ decays D+ /o(980)7r+ and D+ (j)7r+ indicates 
35° < < 55° [27]. If the value ^ = (34 ± 6)° is taken, we can obtain = 191 ± 13MeV. The values for the decay 
constants fnnfo (/nnao ) ^iid fssfo {fssao ) ^irc closc to each other, the variations of 6 and ip will not lead to significant 
changes for the net decay constants ff^ and fag, in the following, we take the values //q = fao = 191 ± ISMeV 
for simplicity. The simplification will obviously introduce some imprecision, however, the strong coupling constants 
9foK+K- iSaoK+K-) ~ 7^(7^— ), the final results will not be remarkably affected. 

J JO '^O 

To obtain the above values in Eq.(30) for the two-point correlation functions in Eqs. (25-26), the vacuum 
condensates are taken as (ss) = 0.8{uu), {uu) = {dd) = (-240 ± lOMeVf, {sa ■ Gs) = (0.8 ± 0.1)(ss), 
{ua ■ Gu) = (0.8 ± 0.1)(mu), {da ■ Gd) = (0.8 ± 0.1)((i(i) , M/„ = Ma„ = QSOMeF. The threshold parameter sq 
is chosen to vary between 1.6 — l.lGeV^ to avoid possible pollutions from higher resonances and continuum states. 
In the region 1.2 — 2.0GeV^, the sum rules are almost independent of the Borel parameter M^. 

Now we return to the values of the strong coupling constants gj^K+K- , SaoK+K- , and choose the parameters as 
rris = 150Mey, fsK = /stt = 0.0035Gey2 about /x = IGeV, /k = O.lQOGeV and Mk = 498MeV [21-23]. The 
duality thresholds in Eqs. (23-24) are taken as sq = 1.0 — l.lGeV^ determined from two point K meson QCD sum 
rules to avoid possible pollutions from the higher resonances and continuum states. The Borel parameters are chosen 
as 0.8 < Ml < 1.6 GeV^ and 2.0 < Ml < 4.5 GeV^, in those regions, the values for the strong coupling constants 
9foK+K- and gf^K+K- are rather stable. Finally the numerical results for the strong coupling constants are obtained. 



fnnfo — /' 



= 214 ± WMeV , fssfo = fssao = 



180 ± lOMey 




(30) 



6-l<5%K+K-(<K+K-)<7.5Gey; 



(31) 



) < 5.5Gey. 



(32) 



6*= (34 ±6)° [26] 



9foK+K- = 7.4 ~ 9.3 ; 



0=(146±6)°, 5/oif+K- =-4.0~-1.8; 



e = (-35 ~ -55)° [27], 



9foK+K- = -0.2 ~ 3.0 ; 



e=(-15~-35)°, =3.0-5.8; 
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<^=(-30~-40)°, = 1.8 ~ 3.7 ; ^ = 80°, g^^K+K- = 6.8; 

<P = 90°, = 4.4 ~ 5.5 ; = 100°, ^aoif+if- = 3.3 ~ 4.1 . (33) 

Prom the above numerical results, in spite of the constituent structure differences between the /o(980) and ao(980) 
mesons, we can see that the strong couplings to the S-wave K~^K~ state through the ss components are larger than 
the corresponding ones through the nn components, ~ \/2g'PJ^+^_ and gllx+K- ~ "^daoK+K- ■ *° 

special Dirac structures of the interpolating currents J/^ and Ja^, the values of the strong K~^K~ couplings components 
of the ao(980) meson are about the same as the corresponding ones for the /o(980) meson, Qf^^+K- ~ dToK+K-'' 
9^oK+K- ~ 9aoK+K-- Furthermore, the strong coupling constants Qf^K+K- and QagK+K- Si,ve nearly linear functions 
of the cos6, sin9, cosip and sin<f (see Eqs. (23-24)), the variations with respect to the parameters 6 and <^ can change 
their values significantly i.e. they are sensitive to the mixing angles. 

In the following, we list the experimental data for the values of the strong coupling constants Qf^x+K- and 
OaoK+K-- 9foK+K- = 4.0 ± 0.2GeV by KLOE Collaboration see Ref. [28], gf„K+K- = 4.3 ± 0.5GeV by CMD-2 
Collaboration see Ref. [29], Qf^K+K- = 5.6 ± 0.8 by SND Collaboration see Ref. [30], gf^K+K- = 2.2 ± 0.2 by WA102 
Collaboration see Ref. [31], Qf^K+K- = 0.5 ± 0.6 by E791 Collaboration see Ref. [32], QaoK+K- = 2.3 ± O.TGeF by 
KLOE collaboration see Ref. [33] and ga^K+K- = 2.62,'^\^GeV by analysis of KLOE collaboration data see Ref. [34]. 
While the theoretical values are Q/qK+k- = 2.2AGeV by linear sigma model see Ref. [35], Q/qK+k- = 3.68 ± 0.13Gey 
and QaoK+K- = 5-50 ± Q.llGeV by unitary Chiral perturbation theory see Ref. [36]. 

Comparing with all the controversial values, we can not reach a general consensus on the strong coupling constants 
9foK+K- and QaoK+K-- If we take the mixing angle 9 = —15° --^ —35° for the /o(980) meson, the value of the strong 
coupling constant Qf^K+K- is gf^K+K- = 3.0 5.8, which is considerably compatible with the existing experimental 
data. For the ao(980) meson, no conclusion can be made from the existing values for the mixing angle ip. Precise 
determination of those values call for more accurate measures and original theoretical approaches. Despite whatever 
the mixing angles 6, (p may be, we observe that the strong couplings through both the nn and ss components are 
remarkably large. This fact obviously supports the hadronic dressing mechanism, the /o(980) and ao(980) mesons 
can be taken as have small qq kernels of typical meson size with large virtual S-wave KK cloud. 
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III. CONCLUSIONS 



In this article, with the assumption of expHcit isospin violation arising from the /o(980) — ao(980) mixing, we 
take the point of view that the /o(980) and ao(980) mesons have both strange and non-strange qq components and 
evaluate the strong coupling constants gf^K+K- and QuoK+k- within the framework of the light-cone QCD sum 
rules approach. Taking into account the controversial values emerge from different experimental and theoretical 
determinations, we can not reach a general consensus. Our observation about the large acalax-KK coupling constants 
9^oK+K- ' dfoK+K- ' 9aoK+K- ^^'^ 9aoK+K- bascd on the light-cone QCD sum rules approach will support the hadronic 
dressing mechanism, furthermore, in spite of the constituent structure differences between the /o(980) and ao(980) 
mesons, the strange components have larger strong coupling constants with the K^K~ state than the corresponding 
non-strange ones, g%K+K- ~ "^Q^k+k- and 9Zk+k- ~ V^Ck+k-- 

Note Added, 

The interest in the nature of the light scalar /o(980) and ao(980) mesons and their mixing was renewed recently. 
There has been a number of articles attempting to elucidate those elusive mesons since we have finished our article, 
for example, Ref. [37]. 
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